Mutations in transmembrane domains 5 and 7 of the human excitatory amino acid transporter 1 affect the substrate-activated anion channel.
L-Glutamate is the predominant excitatory neurotransmitter in the brain, and its extracellular concentration is tightly controlled by the excitatory amino acid transporters (EAATs). The transport of 1 glutamate molecule is coupled to the cotransport of 3 Na+ and 1 H+ and the countertransport of 1 K+. In addition to substrate transport, the binding of glutamate and Na+ activates an anion current which is thermodynamically uncoupled from the transport process. We have identified three amino acid residues in EAAT1 (D272 in TM5, K384 and R385 in TM7) that influence the amplitude of the anion channel current relative to the transport current. Transporters containing the mutations R268A, D272A, D272K, K384A, K384D, R385A, and R385D were expressed in Xenopus laevis oocytes and their transport and anion channel functions measured using the two-electrode voltage clamp techniques. The D272, K384, and R385 mutant transporters showed no change in transport properties but have increased levels of anion channel activity compared to wild-type transporters. These results identify additional residues of the EAAT1 transporter that may contribute to the gating mechanism of the anion channel of glutamate transporters and also provide hints as to how substrate binding leads to channel activation.